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SEGMENTED HEATED DRUM PROCESSOR 

FIELD OF THE INVENTION 

This invention relates in general to thermographic imag 
ing Systems and more particularly to improved processing 
temperature uniformity in heated drum processors for ther 
mally processed thermographic imaging media. 

BACKGROUND OF THE INVENTION 

Photothermography is an established imaging technology. 
In photothermography, a photoSensitive media is exposed to 
radiation to create a latent image which can then be ther 
mally processed to develop the latent image. Devices and 
methods for implementing this thermal development proceSS 
are generally known and include contacting the imaged 
photoSensitive media with a heated platen, drum or belt, 
blowing heated air onto the media, immersing the media in 
a heated inert liquid and exposing the media to radiant 
energy of a wavelength to which the media is not 
photosensitive, e.g., infrared. Of these conventional 
techniques, the use of heated drums is particularly common. 
A common photoSensitive media useable in these imaging 

processes is known as a photothermographic media, Such as 
film and paper. One photothermographic media has a binder, 
Silver halide, organic Salt of Silver (or other deducible, 
light-insensitive Silver Source), and a reducing agent for the 
Silver ion. In the trade, these photothermographic media are 
known as dry Silver media, including dry Silver film. 

In order to precisely heat exposed photothermographic 
media, including film and paper, it has been found to be 
desirable to use electrically heated drums. An apparatus 
employing this technique, a cylindrical drum is heated to a 
temperature near the desired development temperature of the 
photothermographic media. The photothermographic media 
is held in close proximity to the heated drum as the drum is 
rotated about its longitudinal axis. When the temperature of 
the surface of the heated drum is known, the portion of the 
circumference around which the photothermographic media 
is held in close proximity is known and the rate of rotation 
of the drum is known, the development time and temperature 
of the thermographic media can be determined. Generally, 
these parameters are optimized for the particular photother 
mographic media utilized and, possibly, for the application 
in which the photothermographic media is employed. 

U.S. Pat. 5,580,478, issued Dec. 3, 1996, inventors Tana 
machi et al., discloses a temperature controlled, electrically 
heated drum for developing exposed photothermographic 
media. A cylindrical drum has a Surface and is rotatable on 
an axis. An electrical heater is thermally coupled to the 
Surface of the cylindrical drum. 

Separate electrical resistance heaters heat a central heat 
Zone and contiguous edge Zones. 

The present medical imaging film used can draw rela 
tively significant amounts of heat from the processor drum 
Surface as it first contacts the drum and warms up. Current 
drum processors typically use a circumambient 
(circumferentially uniform) internal drum heater. Normal 
heating devices include resistive element blanket heaters 
attached to the drum or lamp type radiative devices located 
in the drum core. Circumambient heaters can cause locations 
of the drum to under heat and over heat when film enters the 
processor. In locations of early film contact, where the most 
Significant heat load takes place, the drum temperature can 
decrease while in other locations the drum temperature can 
increase because it is not loaded as much. The temperature 
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2 
controller does not correct this. In a closed loop temperature 
control Setup, the drum temperature can be controlled to a 
tight temperature variation at a location on the drum, but the 
overall drum temperature will still vary because of the 
non-even heat load as the film is applied to the drum. There 
is thus a need for an improved heated drum for processing 
media which has improved processing temperature and 
uniformity. 

SUMMARY OF THE INVENTION 

According to the present invention, there is provided a 
solution to the problems and a fulfillment of the needs 
discussed above. 

According to a feature of the present invention, there is 
provided in a thermographic imaging System in which 
exposed thermographic imaging media is moved along a 
path, apparatus comprising, a movable member of thermally 
conductive material located along Said path, Said member 
having a first dimension parallel to Said path and a Second 
dimension perpendicular to Said path, Said member having a 
first Side which thermally contacts media moved along Said 
path and a Second opposite Side, a first electrical heater in 
thermal contact with Said Second Side of Said member, a 
Second electrical heater in thermal contact with Said Second 
Side of Said member, Said Second electrical heater having a 
plurality of Separately activated Segments extending in Said 
first dimension; and a control for Selectively activating Said 
Segments as media is moved along Said path into contiguity 
with each Said Segments. 

ADVANTAGEOUS EFFECT OF THE 
INVENTION 

The invention has the following advantages. 
1. Improved processing temperature uniformity in ther 

mographic imaging Systems. 
2. Improved media uniformity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view of an embodiment of the 
present invention. 

FIGS. 2 and 3 are graphical views useful in explaining the 
operation of the present invention. 

FIG. 4 is a block diagram of a control logic System for the 
present invention. 

FIG. 5 is a diagrammatic view of another embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In general, according to the present invention, there is 
provided an improved heated drum for thermally processing 
exposed thermographic imaging media. Improved proceSS 
ing temperature uniformity has resulted in improved media 
uniformity. The heated drum includes a first electrical heater 
which extends around the drums internal circumference and 
which is activated Substantially continuously. A Second 
electrical heater extends around the drums internal circum 
ference but is circumferentially Segmented So that Segments 
are activated as media comes into contact with the drum. 

Referring now to FIG. 1, heater drum 10 includes a 
cylindrical drum 12 of thermally conductive material Such as 
aluminum. A first electrical heater 14 (layer 1) and Second 
electrical heater 16 (layer 2) are in thermal contact with the 
inner Surface 19 of drum 12. Second, electrical heater 16 
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includes twelve circumferentially positioned segments 
S., . . . , S2, which are individually activated as media 18 
comes into contact with the outer Surface 20 of drum 10. 
Drum 10 has a first or circumference dimension parallel to 
the path of movement of a media 18 in contact with drum 10 
and a Second or width dimension perpendicular to the first 
dimension. 

These two layers 14 and 16 can sometimes be manufac 
tured into one layer depending on heater wire sizes and 
routing restrictions, but can Still act independently. The 
drum 10 operates typically under two different states: idle 
and load. The idle state is the case where there is no film 18 
contacting drum 10, and the load State is the case where film 
18 is contacting the drum 10. The idle layer (layer 1) 14 
represents the current technology where, for example three 
heater Zones coexist with three RTD sensors connected to 
independent temperature controllers as shown in FIG. 5, 
heaters 14, 16 are depicted in a stretched out state before 
formation into cylinders affixed to the inner surface 19 of 
drum 12. The three Zones are for the left, center and right 
croSSweb locations along the drum 10. Each Zone (Z, Z, 
Z) in the idle layer 14 has a constant heat flux pattern along 
the downweb or circumferential direction. The load heater 
layer (layer 2) 16 provides the extra heat energy needed 
when the film 18 is being processed. This layer 16 is broken 
into load Segments or Zones around the drum's circumfer 
ence. FIG. 1 shows the Segments broken into 12 arcs (S, 
S, ... , S2), each 30 degrees in angle. The Segment number 
total depends on the drum's rotation Speed, diameter and 
heat load and was optimized through trial and error in this 
case. As the film 18 enters the rotating drum 10, the first load 
Segment (S) activates nearest to the film's lead edge. Next, 
the second load segment (S) activates when the film reaches 
it. This proceSS continues until a specific number of Seg 
ments is reached in arc length. In FIG. 1, two Segments make 
up that number and activate between locations P1 and P2. 
When this length is reached, the first load segment (S) shuts 
off and the next load segment (S) is turned on. The process 
stops when the tail end of the film 18 enters the drum 10 and 
the load Segment adjacent to this location is powered on and 
then off for a period of time that is consistent as part of the 
normal Sequence which is then terminated. Each Segment 
ideally provides enough extra heat energy to heat the film at 
that arc Segment location. The number of heater load Seg 
ments activated at a time must be calculated. Ideally, there 
would be a high number of Segments present, but this is not 
practical from a cost Standpoint. Numerical Simulation has 
shown that 30 degree arc Segments will work with an eight 
inch outer diameter drum rotating at two RPM with no more 
than two Segments activated at a time when the medical 
imaging film is processing. 
A time dependent, two dimensional finite element model 

was constructed. It simulated an eight inch round thermal 
processor heating an eight mil. thick, 17 inch long sheet of 
polyester base film in the downweb direction. The drum was 
made of aluminum and was 0.25 inches thick. It used a dual 
layer idle and load Segmented heater attached to the inner 
aluminum Surface of the drum. The load heater was Seg 
mented into 12 arcs like FIG. 1 shows. A discreet propor 
tional controller was Simulated to control the drum tempera 
ture. In the model, the controller responded by measuring 
the average temperature around the inner aluminum circum 
ference of the drum. The proportional bandwidth and con 
troller cycle time were optimized to reduce controller tem 
perature variation. No temperature Sensors were needed for 
the load heater layer because this layer is only activated by 
film presence. Film was applied to the drum using gap 
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4 
conduction elements in the locations of contact. The film's 
wrap angle about the drum was 180 degrees (between P1 and 
P3 in FIG. 1). The silicone surface of the drum and the film 
were Subjected to air convection boundary conditions mod 
eled after Newton's cooling law to Simulate normal heat loSS 
in their respective environments. The air convection bound 
ary conditions were applied uniformly to the drum and film 
Surface. In locations where the film was in contact with the 
drum, the convection on the film from that Surface was 
removed. The ambient temperature of the film was lower 
than the drum. 

Four heater configuration results are graphed from the 
numerical model in FIG. 2. In the graph, the horizontal axis 
represents the length of film processed from head to tail. The 
film was 17 inches long. The vertical axis represents the final 
temperature the film reached on the drum just as it detached 
from the drum Surface (finished processing). This graph 
essentially shows how uniform a piece of film is processed 
on the drum. The flatter the line, the more uniform it is 
processed. 
The first case is the Uniform Heater. This would be the 

style of drum 10 with a circumambient heat flux single layer 
blanket heater 14 attached to the inner Surface of the drum 
10. In this case, the film temperature begins to fall as the film 
18 is processed after which the temperature then increases at 
a slow then faster rate. The initial temperature fall off is a 
response to the drum 10 being cooled by the film in a 
localized region and the temperature controller increasing its 
duty cycle to counteract. The entire inner Surface of the drum 
10 is heated. Because only a local region is cooling, the 
controller does not respond as Strong as necessary. AS the 
film 18 continues to load the drum 10, the controller 
continues to heat the drum 10. This heating effect catches up 
as new film 18 is applied and eventually the new film is 
warmed to a higher temperature than the previous Section 
film 18 because the drum's temperature is increasing where 
new film 18 is being applied. The effect is very prominent 
for the tail section of film 18 because a significant section of 
the drum 10 has now been heated but no new film 18 is being 
applied and cooling the drum 10. The hottest section of the 
drum 10 heats the last section of film 18. 
The Second and third case results add a Segmented load 

heater 16. One has 60 degree arc Segments and the Second 
has 30 degree arc Segments. The Segments as discussed 
previously switch on one-by-one as the film 18 is loaded 
onto the drum 10. Two segments are powered on for the 30 
degree and one Single Segment for the 60 degree heater. 
Under these conditions, the amount of power produced by 
the load heater Segments turned on is Set to ideally equal the 
amount of power the film 18 draws from the drum 10. Heat 
flux Values for the load heater Segments are then derived 
from this requirement. Once the film's tail edge passes the 
midpoint of the last heater Zone Segment that contacts it, the 
load heater Switching Sequence terminates. The 30 degree 
Segment version produce very uniform processed film. The 
60 degree case appeared to produce a temperature oscillation 
pattern that was not as optimal but still better than the 
original uniform heater. 

For the fourth case, as can be done with numerical 
models, an ideal heater was modeled where the inner drum 
temperature was fixed to the controller temperature Set point. 
This simulated a heater with a continuously varying watt 
density profile that changed as the film loaded onto the 
drum. This result shows what potential a Special heater 
which followed the heat load profile of the drum could do. 

Another important feature of the Segmented heater is that 
it reduces the duty cycle variation for the controller. With a 
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uniform heater, the temperature controller monitors the two 
distinct load states of idle and load. The controller naturally 
increases its duty cycle when the load State occurs. The 
amount it increases is a function of how much more power 
is necessary and how much power is available. The load 
heater reduces the duty cycle change of the controller 
between States. 

FIG. 3 shows the heater duty cycles for the first three case 
results presented. The film 18 contacts the drum 10 at time 
Zero. The film 18 dwells on the drum 10 for 15 seconds. The 
wrap angle and the film length were previously shown. With 
a uniform heater, the duty cycle increases from approxi 
mately 11 percent to 50 percent. The Segmented heater cases 
reduced the duty cycle variation significantly. During the 
load State's midway point in time, the duty cycle equaled the 
idle State value indicating that load heaters were matched to 
the film heat load. The 30 degree case was better than the 60 
degree case. 
To build a Segmented drum heater Several parts are 

required. A Sensor is needed to detect drum position. 
Another Sensor is needed to detect film presence. The load 
heater would connect to a power controller with logic 
Switches activating each Segment when necessary. The duty 
cycle of this power controller either would be turned to a 
Specific value depending on film load or actively adjusted 
based upon Some feedback Signal device. One feedback 
Signal device is the idle heater duty cycle control value. AS 
the idle heater duty cycle increased, the load duty cycle 
could increase and Vice-versa. The idle heater duty cycle 
ideally does not change when the load beaterS Segments are 
activated when film is present. 

Referring now to FIG. 4, there is shown a block diagram 
of a controller for controlling the heating of heater drum 10. 
As shown, controller 50 includes temperature sensor 52, 
temperature controller 54, logic board 56 and relays 60, 
60, . . . , 60. Temperature Sensor 52 provides the tempera 
ture of drum 10 to temperature controller 54 which controls 
the temperature of first electrical heater 14. Logic board 56 
activates relayS 60, 60, . . . , 60 to provide electrical 
power to Segments i. 2, . . . . when a Segment of Second 
electrical heater 16 (layer 2) is between locations P, and P. 
on drum 10 (FIG. 1). 

Although the invention has been described as including a 
heated drum, other continuous members can also be used 
Such as a continuous thermally conductive belt which is 
heated by Said first and Second electrical heaters. 

The invention has been described in detail with particular 
reference to certain preferred embodiments thereof, but it 
will be understood that variations and modifications can be 
effected within the spirit and scope of the invention. 
10 drum 
12 cylindrical drum 
14 first electrical heater 
16 second electrical heater 
18 film 
19 inner Surface of drum 12 
20 outer Surface of drum 12 
50 controller 
52 temperature Sensor 
54 temperature controller 
56 logic board 
60 relays 
What is claimed is: 
1. A thermographic imaging System in which exposed 

thermographic imaging media is moved along a path, appa 
ratus comprising: 
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6 
a movable member of thermally conductive material 

located along Said path, Said member having a first 
dimension parallel to Said path and a Second dimension 
perpendicular to Said path, Said member having a first 
Side which thermally contacts media moved along Said 
path and a Second opposite Side, 

a first electrical heater in thermal contact with Said Second 
Side of Said member; 

a Second electrical heater in thermal contact with Said 
Second Side of Said member, Said Second electrical 
heater having a plurality of Separately activated Seg 
ments extending in Said first dimension; and 

a control for Selectively activating Said Segments of Said 
Second electrical heater as media is moved along Said 
path into contiguity with each Said Segments. 

2. The apparatus of claim 1 wherein Said member includes 
a rotatable drum having a first dimension which is the 
circumference of the drum and a Second dimension which is 
the width of said drum; and 

wherein Said Second electrical heater includes contiguous 
Segments which extend around the circumference of 
Said drum. 

3. The apparatus of claim 1 wherein Said control activates 
Said Segments of Said Second electrical heater in Sequence 
and activates Said first electrical heater Substantially con 
tinuously to maintain Substantially uniform heating of Said 
member to produce uniformly processed media. 

4. A thermographic imaging System is which exposed 
thermographic imaging media is moved along a path, appa 
ratus comprising: 

a rotatable drum of thermally conductive material located 
along Said path, Said drum having a first; 

circumference dimension parallel to Said path and a 
Second, width dimension perpendicular to Said path, 
Said drum having a first, outer Side which thermally 
contacts media moved along Said path and a Second 
inner Side, 

a first electrical heater in thermal contact with Said 
Second, inner Side of Said drum and extending the 
circumference and width of Said drum; 

a Second electrical heater in thermal contact with Said 
Second, inner Side of Said drum and extending the 
circumference and width of Said drum, Said Second 
electrical heater including contiguous Segments which 
extend around the circumference of Said drum; and 

a control for Selectively activating Said Segments of Said 
Second electrical heater as media is moved along Said 
path into contiguity with Said Segments. 

5. The apparatus of claim 4 wherein Said drum includes a 
cylindrical member of thermally conductive metal and an 
outer resilient layer of thermally conductive Silicone. 

6. The apparatus of claim 5 wherein said cylindrical 
member is made of aluminum. 

7. The apparatus of claim 4 wherein said first electrical 
heater includes at least two Segments extending the width of 
Said drum. 

8. The apparatus of claim 4 wherein said first electrical 
heater includes three Segments extending the width of Said 
drum. 

9. The apparatus of claim 4 wherein said first and second 
electrical heaters constitute Separate layers in thermal con 
tact with Said Second Side of Said drum. 

10. The apparatus of claim 4 wherein said first and second 
electrical heaters form a Single composite layer in thermal 
contact with Said Second Side of Said drum. 


